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Thunderstorms occur when gradients disappear with change 
of gradient, for instance, occasionally, before a typhoon ; 
when the weather is hot; and especially, when the wind is 
northwest and it is very hot inland in China. Mr. Figg has 
sometimes noted jumps in the barometer readings before ae 
well as during thunderstorms. He states that when they 
approach from the landside there is very little rain, while 
if they come up from the seaside there is great rain. 

SELENIUM AND ITS USE FOR THE MEASUREMENT OF 
SUNSHINE. 

By N. ERNEST DORSET. Ph.D., of Johns Hopklns University (dated April 17,1899). 

Owing to frequent inquiries as to tlie suitability of some 
form of the seleuiiim cell as a continiiws and exact sunshine 
recorder, i t  has been deenied advisable to publish in this RE- 
VIEW a short account of what is known in regard to the selen- 
ium cell, especially with respect to this use. 

The fact that the resistance of selenium is changed by the 
action of light was first announced by Willoughby Smith in 
1873. He wished to use selenium bars with platinum wire 
electrodes melted into their ends as high resistances to be 
used in connection with submarine cables. His assistant 
found that the resistances of these bars were very inconstant, 
and this variability was found to be due to the varying 
illumination of the bars. It was found that the decrease of 
resistance noticed when the bars were illuminated was due 
to the visible radiation, and appeared to be instantaneous. 
Smith suggested that this effect might possibly be explained 
by the fact that selenium conducts electricity only when in 
the crystalline condition, and that light favors crystallization. 

Immediately upon the publication of Smith's paper Lieu- 
tenant Sale, and also the Earl of Rosse, repeated and veri- 
fied Smith's observation. The latter suggested that this 
property of selenium might be used as a means of measuring 
the intensity of light, as he found that the decrease of resis- 
tance is almost proportional to the quare  root of the inten- 
sity of the illumination. 

I n  1875 Werner Siemens went over this work again and 
then undertook the study of the effect of the physical state 
of the selenium upon its seusitiveness to light. He found 
that by protracted heating of amorphous selenium at 210" G., 
or by cooling melted selenium to thiR temperature (a t  which, 
with a longer duration of it, the selenium passes into a 
coarsely granular, crystalline state), he obtained a modifica- 
tion of crystalline selenium which possesses and retains a 
considerably greater conductivity than otherwise. It is also 
far more sensitive, and the decrease of its resistance due to 
its exposure to light appeared to be constant. He constructed 
the first of the so-called selenium cells, which he describes 
as follows : " By fusing into coarsely granular selenium two 
flat spirals of wire a t  the distance of about one millimeter 
from each other, I produced an extraordinarily sensitive pho- 
tometer." Obscure heat rays were without eRect upon this 
cell, while diffused daylight doubled its conductivity, and 
direct sunlight increased its conductivity, a t  times, tenfold. 

Prof. W. G. Adanis and R.  E. Day now undertook investi- 
gations on this subject and in 1877 they published in the 
Philosophical Transactions a long and exhaustive article 011 
the subject. Besides obtaining results similar to those 
already described, they found that the resistance of the sele- 
nium cell generally decreased with an increase of the current 
through it, and depended upon the direction of the current. 
They also found that the cells became polarized on the pas- 
sage of a current ; that the change of resistance clue to illu- 
mination depended upon the end illuminated ; that when no 
current was passing through the cell the action of light on 
the cell could give rise to a current through it, hut in regard 
to this latter property they say : 

It appears that three pieces of the same length, made from the same 
rod, and annealed to ether may, owing to some slight difference in 
molecular condition, %e very different as to their relative sensitiveness 
to the action of light. 

It was also observed that a slight heating produces a great 
increase in the resietance, which also changes very greatly 
with the time; they appear to anneal slowly. 

I n  1878 Sabine studied the resistance of the fused-in elec- 
trodes and found that it was very great and depended upon 
the direction, strength, and duration of the current passing 
through the cell. 

In 1884 C. E. Fritts descrihed a new form of the selenium 
cell which is much more sensitive than any of these others. 
He melts a thin layer of seleniuni upon a metal plate with 
which it will form a chemical combination a t  least sufficient 
to cause the selenium to adhere to i t  and make good electrical 
connection, tlie other surface of the selenium is covered with 
a transparent conductor, generally gold leaf, through which 
the current is passed into the selenium. Like other kinds of 
selenium cells the resistance of these depends upon the 
strength and direction nf the current and the temperature 
and age of the cell. 

In  1888 Uljanin investigated this subject and explained 
the observed phenomena much in the same way as Smith 
first suggested. He assumed that the annealed selenium con- 
sists of various allotropic forms of selenium, some of which 
are conductors and some are not, and the action of light i s  
supposed to favor the change from one form to the other. 
He gives a good rheum6 of the work up to t,his time. 

I n  a series of articles published in the Philosophical Ma- 
gazine, from 1881 to 1595, Bidwell points out that all the 
properties of the selenium cells which have been so far dis- 
covered suggest that the concluction through these cells is 
electrolytic.in character. The selenium is probably a non- 
conductor, and the current is carried by metallic selenides 
contained i n  the selenium. In support of this he finds that 
selenium which has never touched metals but has been an- 
uealed in glass has a much higher resistance than that an- 
nealed in the ordinary way ; and, furthermore, its resistance 
is decreased by the addition of metallic selenides, so that 
i t  behaves like ordinary selenium. He also found that cer- 
tain speciniens of selenium which were entirely insensitive 
to light, were rendered very sensitive by the addition of selen- 
ides. And, finally, he succeeded i n  constructing a cell coni- 
posed of sulphur and silver ~iilphide which behaved exactly 
like the selenium cell. His last article, published in the 
Proc. Phys. SOC. 13, 1891, pp. 552-579, and Phil. Mag. (5 )  40, 
1896, pp. 233-256, contains the hest and most recent r&suniB 
of the entire subject. 

From this we see that while selenium cells may be used for 
very rough determinations of the intensity of illumination, 
they are eminently unsuitable for any exact photometric 
work. Owing to the fact that the resistance varies with the 
strength and duration of the current, and with the tempera- 
ture, and with the entire past history of the selenium, each 
cell would have to be carefully studied in order to obtain the 
coefficients of these various factors, and after this was done 
these coefficiente would be correct for but a very short time, 
on account of the unknown and variable change of the resist- 
ance aud electromotive force of the selenium cell with its age. 

The best articles on this subject are as follows: Willoughby 
Smith, Nature, 5, 1573, pp. 303 and 361 ; Am. Jour. Science, 
(3) 5. 1873, p. 301. Lieutenant Sale, P. R. S., 2:, 1873, p. 
283; Pogg. Ann., 150,p. 333; Phil.Mag. (4)  47 ,1814,~ .  216; 
Earl of Ross, Phil. Mag. (4 )  47,1874, p. 161 ; Weruer Siemens, 
Monntsberichten der k h .  preuss. Akad. d. Wissenschaften zu 
Berlin, 1S75, p. ?SO; Phil. Mag. ( 4 )  50, p. 416; Pogg. Ann., 
149, p. 140; W. 5. Adam8 and R. E. Day, Phil. Trans., 167, 
1877, pp. 313449; Proc. Roy. Soc.. vols. 83,2425; Sabine, 
Phil. Mag. (5) 5, 1878, p. 401 ; Bell, Proc. A. A. A. S., 99, 1580; 
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Dr. James Moser, Pro. Phys. SOC. 4, 1881, p. 348 ; C. E. Fritts, 
Pro. A. A. A. S., 33, 1884, p. 97 : Scientific American Supple- 
ment, June 6, 1885, p. 7854; Bidwell, Phil. Mag. (5) 5, 1SS1, 

256; Pro. Phys. SOC, 7, 1Str5, p. 139; 13, 1894, pp. 553-579; 
W. von Uljanin, Thesis published in MOBCOW, entitled Ueber 
die bri der Bt.leuchtuiy ei&&heiade E1ectroniotorisch.c Kmjl iiii 
Selm; Morize, Am. Met. Jour. vol. 2, p. 2. 

p. 302; 15, 1553,1>. 31 ; 13, 1883, p. 347 ; 40, 1595, pp. 933- 
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OBSERVATIONS AT HONOLULU. 

Through the kind cooperation of Mr. Curtis J. Lyons, Me- 
teorologist to the Government Survey, the monthly report of 
meteorological coiiditions a t  Honolulu is now made nearly in 
accordance with the new form, No. 1040, and the arrange- 
ment of the columns, therefore, dift'ers froni those previously 
published. 

Metmb&l obsarrntimrs at H o n ~ l d i ~ .  
MARCH, 1899. 

The statlon le at 210 18' N 1570 50' W. 
Pressure Is corrected for 'tem ratnre and reduced to sea level, and the gravity 

cnrrectlon, -0.08, has been ap &. 
The average direction and Force of the wind and the average cloudiness for the 

whole day are aiven unless the have varled mnre than usual. in which case the ex- 
tremes are glven. The scale o?wlnd force is 0 to 19, or Beaufort scale. Two dire@ 
tlons of wlnd or values of wind force, connected by a dash, Indlcate change 
from one to t i e  other. 

The rainfall for twenty-four hours Is now given as measured at 1 p. m. Greenwich 
time on the respectlve dates. 

The raln gauge 8 Inches in diameter Is 1 foot above m m d .  Thermometer, 9 feet 
ahore croiind &onnd Is 43 feet. and the barometer 50 feet above sea level. 
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Sea-level 
pressures. 

Mean temperature for Yaroh, 1899 (6+2+Q)+8=71.2°; normal is C0.F. 
pressure for March Is 2Q.96i: normal is 2Q.W.  

*This pressure Is as recorded at  1 p. m.. Qreenwich time. tThese temperatures 
are observed at 6 a. m.. local. or 430  p. m.. Greenwiuh time. $These values are the 
means of (6+9+9+9)+4. DBeaufort scale. - 

METEOROLOGY OF THE YUKON. 

Mr. U. G. Myers, Observer, Weather Bureau, mho bas been 
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 pending a year in Almka on a furlough, sends a copy of a 
meteorological record made by him a t  Dawson City (N. 66O 5', 
W. 139O 30' ; elevation about 1,100 feet above sea level), dur- 
ing November and December, 1898, and January, 1899. Mr. 
Myers made a daily reading of the barometer and maximum 
and minimum thermometers, and noted the character of the 
day. Dawson is aboiit 75 miles southeast of the Weather 
Bureau station a t  Eagle (N. 64O 45', W. 141O 8'). 

The followiiig is a summary of his ohservations : 

Noveinhers 1 W .  I l . 8  b l  I8 I O  4 1 . 4  I 19 1 0  -10.9 I O  -128 I O  -14.4 ~ Z m . ~ Z n 8 ~ I i t 8 . ~  1 I 1 ..... ..... 9.0 13.0 10 8 12 n. 
December ..... I W.0 0 -41.0 31 8.5 - a.9 - 2 . 2  10.0 18.0 2'2.0 16 19 3 n. 

1 ma I 1  I I I I l l  I I  

~ ~ ~~ 

*For 29 d a y .  
Xovember, 1898 : Yukon cloeed a t  9 p. ni. on the 3d. Snow- 

December, 1895 : Light rain for a few minutes during after- 
Light snow fell on the lst, 3d, 3d, 14th; 

January, 1899: Light snow on 9th ; heavy snow on 23th. 

fall on the loth, 24th, and 26th. 

noon of the 6th. 
heavy snow on the 15th, 32d, and 34th. - ----- - 

SNOW ROLLERS. 
By A. H. TIIIIJSEN, Observer Weather Bureau. 

As a slight contribution to the literature of natural snow- 
balls the following will be of interest. 

Mr. Walker, a voluntary observer a t  Dearborn Canyon, 
Mont., sent in the following remark with his January report: 

On the 27th at 9 a. m. a high west wind began blowing that caused 
the moist snow to roll along theground and form large snowballs, until 
the fields and pastures looked as if Mother Nature had been amusing 
herself on a large scale. 

Mr. Walker has since been in the Helena office and a more 
detailed description has been secured. The scene of this 
phenomenon was a rolling field. Six inches of very light 
mow fell the day before. -4t the time of the phenomenon 
the observer judged that the temperature was about a t  the 
freezing point. The wind was blowing a gale, estimated at  40 
miles per hour. The snow was lifted up in sheets before it 
began to roll, just as one would roll a sheet of paper. The 
Iialls were of all sizes, and were formed on the upgrade as 
well as on the down. They were even forced over a small 
knoll and were then assisted by a gravity into a hollow where 
many were collected. No very reliable data could be obtained 
ns to structure. The small balls were spherical and the larger 
ones were cylindrical. There was also a hole through the 
center three to six inches in diameter. Later in the day a 
chinook reached the station dissipating the snow and leaving 
these moiiunients for awhile showiug what rare and singular 
conditions may occur in nature. 
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REUENT PAPERS BEARING ON METEOROLOGY. 
W. F. R. PBILLIPS, in charge of Library. etc. 

The subjoined list of titles has been selected from the con- 
tents of the periodicals and serials recently received in the 
library of the Weather Bureau. The titles selected are of 
papers or other communications bearing on meteorology or 
:agnate branches of science. This is not a complete index 


